Sexual dysfunction is common among patients with type 2 diabetes and can negatively impact their quality of life. This study shows that:

-   Low sexual desire and low satisfaction are common among men and women with screen-detected type 2 diabetes.

-   Men receiving intensive treatment of type 2 diabetes report a lower level of sexual satisfaction than men receiving routine care.

-   Our results underline the need to distinguish between different aspects of sexual health, and to pay special attention among men when more intensive treatment strategies are used.

Introduction {#ss1}
============

Sexual problems are common among type 2 diabetes patients, and they can negatively impact the patients' quality of life \[[@CIT0001]\]. Previous studies evaluating the sexual consequences of diabetes tend to focus on sexual dysfunction, which represents only a limited part of sexual health. Calls have therefore been made for a broader evaluation of the sexual consequences of diabetes \[[@CIT0002]\]. A parameter like sexual satisfaction correlates strongly with sexual quality of life, but is not always correlated with sexual function/ dysfunction. Sexual satisfaction covers an unlimited spectrum of sexual behaviours that are individually defined and influenced by many life and relational circumstances \[[@CIT0002],[@CIT0003]\]. Lack of sexual desire is a commonly described sexual problem among men and women with type 2 diabetes \[[@CIT0004]\], but the level of sexual desire also varies between sexes and with age in the normal population \[[@CIT0005]\]. Hence, looking at sexual desire and satisfaction provides a description of the relationship between diabetes and two broader elements of sexual health.

Intensive multifactorial treatment (IT) of diabetes is advocated for many reasons \[[@CIT0006]\]. Previous research of the effect of intensive treatment strategies in patients with type 2 diabetes finds neither benefits nor harms of such strategies to self-reported quality of life \[[@CIT0007]\]. These results suggest that IT does not adversely affect patient-reported outcomes and patients' quality of life. However, extant research offers no insight into the effect of IT on sexual health.

We here report the prevalence of low sexual desire and low sexual satisfaction among Danish men and women with screen-detected type 2 diabetes and examine the impact of intensive multifactorial treatment compared with routine care (RC) on these sexual issues.

Material and methods {#ss2}
====================

Study population {#ss3}
----------------

Data from the ADDITION-Denmark study was used. The design and the rationale of the ADDITION-Denmark study have already been reported \[[@CIT0010]\]. Briefly, ADDITION-Denmark consists of two phases: a population-based stepwise screening programme for type 2 diabetes and a randomized controlled trial of early intensive multifactorial treatment among those found to have type 2 diabetes. The original aim of the ADDITION study was to evaluate the cost-effectiveness of an intensive multifactorial intervention on morbidity and mortality among people with type 2 diabetes detected by screening. Overall, 1533 eligible participants with screen-detected diabetes in Denmark agreed to take part in the trial. After an average of six years, 1170 participants were re-examined and asked to complete self-report questions regarding their sexual health. [Figure 1](#F1){ref-type="fig"} displays the practice and participant flow.

![Practice and participant flow: ADDITION-Denmark.](pri-33-3_g001){#F1}

Intervention {#ss4}
------------

The specific characteristics of the intervention have been described previously \[[@CIT0010],[@CIT0011]\]. The intervention was based on evidence from randomized controlled trials demonstrating the benefits of IT on cardiovascular risk factors in people with type 2 diabetes \[[@CIT0012]\]. Hence, IT was promoted through the addition of several features to the existing diabetes care, i.e. routine care. The intervention included no extra initiatives addressing sexual health.

In the RC group, patients received the standard pattern of diabetes care according to Danish national recommendations \[[@CIT0013]\].

Outcomes {#ss5}
--------

ADDITION-Denmark participants were asked to complete a questionnaire regarding their sexual health, including their sexual desire and their sexual satisfaction. This asked: "How often do you have sexual desire?" (Often, occasionally, rarely, never) and, "I am satisfied with my sexual life" (agree a lot, agree, neither agree nor disagree, disagree, disagree a lot). The questions stem from the "National Health Interview Survey 2000 \[[@CIT0014]\]. Two outcomes were defined: low sexual desire was defined as reporting sexual desire "rarely" or "never"; low sexual satisfaction was defined as reporting "disagree a lot" or "disagree". Information on sexual health was only obtained at the six-year follow-up health assessment.

Study procedures {#ss6}
----------------

Information on health factors believed to potentially influence sexual health \[[@CIT0015]\] was obtained by questionnaires and by a physical examination undertaken by centrally trained staff unaware of the study group allocation. The examination was performed according to standard operating procedures \[[@CIT0012]\]. Detailed descriptions of the test methods have been reported elsewhere \[[@CIT0011],[@CIT0016]\]. Data on health status and erectile dysfunction were collected using validated self-report questionnaires: the 36-item short Form Health Survey (SF36) and the abbreviated International Index of Erectile Function (IIEF-5), respectively \[[@CIT0017]\].

Self-reported low mental health and self-reported low physical health were defined as having a score in the 25% lowest quartile in the mental and the physical component of the SF-36 questionnaire, respectively. Erectile dysfunction was defined as having a cut-off score ≤ 21 \[[@CIT0017]\]. Information on taking beta-blockers and having macro-vascular complications was obtained using a self-report questionnaire. Having a macro-vascular complication was defined as having had at least one of the following conditions: previous myocardial infarction, stroke, or operation/instrumentation on the heart. Peripheral neuropathy was detected using a vibration detection threshold and light touch sensory testing and defined as at least one positive test \[[@CIT0016]\]; nephropathy was defined as micro-albuminuria or macro-albuminuria. Micro- albuminuria was defined as albumin/creatinine ratio on spot urine: men, 2.5**--**25mg/mmol; women, 3.5**--**25 mg/mmol; macro-albuminuria, \> 25 mg/mmol. Retinopathy was defined as non-proliferative or proliferative retinopathy according to the ETDRS classification \[[@CIT0018]\]. Body mass index (BMI) was measured estimating weight and height, and people were grouped into categories of normal weight, overweight, and obesity according to the WHO definition.

Data analyses and statistics {#ss7}
----------------------------

Prevalences were estimated separately within each treatment group and stratified into age groups. To compare treatment groups, Fisher\'s exact test was used. P \< 0.05 was considered statistically significant.

For assessing the validity of the declared prevalences, non-attenders (participants who entered the ADDITION study, but who for different reasons did not answer sexual questions) were compared with attenders on baseline characteristics.

Logistic regression was used to examine whether a potential impact of IT on sexual desire or satisfaction could be linked to specific, sexual health risk factors (erectile dysfunction, self-reported health, BMI, macro-vascular complication, peripheral neuropathy, nephropathy, retinopathy, and taking beta-blockers). Risk factors were dichotomized into yes/no; and logistic regression was performed, stratified accordingly, adjusting for age, erectile dysfunction, and BMI, except where these variables were stratified themselves. All analyses were tested for interaction. Multiple testing was accounted for using the Bonferroni correction, and a 99.5% confidence interval (CI) was used instead of 95% CI. To clarify whether a potential impact of IT could be explained by contradictory characteristics of non-responders compared with responders, we compared non-responders (participants who received the sexual questionnaire, but did not answer it) with responders in the RC and IT group, respectively.

To compare non-attenders with attenders and non-responders with responders, we used the chi-squared test for categorical variables, the two tailed t-test for continuous data, and the Mann--Whitney U-test for data not normally distributed. P \< 0.05 was considered statistically significant.

All analyses were conducted in men and women separately, and the analyses were performed using STATA version 12 (STATA Corp LP, College Station, Texas, USA.

Results {#ss8}
=======

The study participants' baseline characteristics are presented in [Table I](#T1){ref-type="table"}. At follow-up, 55% of women and 83% of men reported having been sexually active during the past 12 months (including masturbation), with no difference between treatment groups, p \> 0.9. A total of 55% (IT) and 62% (RC) of the men had erectile dysfunction, p = 0.26. Twenty-nine (IT) and 23% (RC) of men were taking beta-blockers, p = 0.1.

###### 

Baseline characteristics of the ADDITION-Denmark trial cohort (n = 968).

                                    Women           Men                             
  --------------------------------- --------------- --------------- --------------- ---------------
  HbA1c (% of haemoglobin)\*        6.3 (6.0;6.8)   6.4 (6.0;7.0)   6.4 (6.0;7.2)   6.3 (6.0;7.0)
  HbA1c (mmol/mol)\*                45 (42;51)      46 (42;53)      46 (42;55)      45 (42;53)
  Systolic blood pressure (mmHg)    149.0 (20.2)    144.4 (19.2)    149.5 (18.4)    149.1 (18.2)
  Diastolic blood pressure (mmHg)   87.2 (11.0)     84.1 (10.2)     89.3 (11.1)     89.2 (10.2)
  Total cholesterol (mmol/L)        5.9 (1,2)       5.7 (1,1)       5.7 (1,2)       5.5 (1,1)
  Age (years)                       59.7 (6.57)     59.4 (7.3)      59.9 (6.7)      59.7 (6.5)
  Body mass index (kg/m^2^)         31.3 (5.8)      31.7 (6.5)      30.2 (4.3)      30.5 (4.4)
  Smoking, current smoker, n (%)    42 (27%)        55 (25%)        80 (34%)        103 (30%)
  Alcohol (units/week)\*            2 (1;7)         2 (1;7)         10 (3;19)       10 (3;18)
  White ethnic origin, n (%)        149 (98%)       206 (98%)       230 (98%)       331 (99%)
  Marital status                                                                    
   Married, n (%)                   102 (67%)       149 (68%)       173 (73%)       258 (74%)
   Unmarried, n (%)                 14 (9%)         16 (7%)         35 (15%)        35 (10%)
   Separated, n (%)                 18 (12%)        33 (15%)        20 (6%)         39 (11%)
   Widow/widower, n (%)             19 (12%)        21 (10%)        8 (3%)          16 (4%)
  Nephropathy                                                                       
   Micro-albuminuria                18 (12%)        18 (9%)         44 (21%)        57 (18%)
   Macro-albuminuria                3 (2%)          4 (2%)          2 (1%)          7 (2%)

Notes: Data are means (SD), unless otherwise indicated. \*Median (25th; 75th percentile). IT = intensive treatment; RC = routine care.

Prevalence of sexual desire and sexual satisfaction ([Table II](#T2){ref-type="table"}) {#ss9}
---------------------------------------------------------------------------------------

###### 

Prevalence in percentages of low sexual desire and low sexual satisfaction among men and women in the ADDITION population answering sexual questions.

                                               Men                                     Women                                                 
  -------------------------------------- ----- ------------------- ------------------- ------- ----- ------------------- ------------------- ------
  Low sexual desire, % (95% CI):         n                                                     n                                             
   In total                              145   24.5 (19.0--30.0)   24.7 (20.2--29.2)   0.95    202   53.2 (45.3--61.2)   53.8 (47.2--60.4)   0.91
   44--59 years                          15    7.4 (0.2--14.6)     14.3 (6.3--22.3)    0.22    31    43.3 (24.5--62.2)   40.0 (25.1--54.9)   0.77
   60--69 years                          72    22.9 (15.2--30.6)   25.2 (18.9--31.7)   0.64    101   50.6 (39.4--61.9)   53.0 (43.8--62.3)   0.74
   70--78 years                          58    41.5 (29.2--53.8)   32.0 (22.5--41.4)   0.21    70    64.4 (49.9--79.0)   65.1 (53.0--77.2)   0.95
  Low sexual satisfaction, % (95% CI):   n                                                     n                                             
   In total                              185   27.4 (21.5--33.3)   37.0 (31.8--42.2)   0.01    64    22.7 (15.3--30.0)   17.7 (12.3--23.0)   0.27
   44--59 years                          40    20.4 (9.3--31.5)    37.7 (26.6--48.7)   0.03    19    31.0 (13.1--48.9)   24.4 (10.7--38.1)   0.59
   60--69 years                          104   31.5 (22.8--40.3)   40.4 (32.9--47.8)   0.13    32    24.2 (13.6--34.9)   15.2 (8.2--22.2)    0.16
   70--78 years                          41    25.9 (14.2--37.5)   29.9 (20.1--39.7)   0.60    13    12.1 (3.7--23.9)    17.3 (6.7--27.9)    0.76

Notes: Data are prevalence % (95% CI). People were categorized as having low sexual desire if reporting sexual desire rarely or never when asked "How often do you have sexual desire?". People were categorised as having low sexual satisfaction if reporting disagree or disagree a lot with the statement "I am satisfied with my sexual life".

Overall, the prevalence of low sexual desire rose significantly with increasing age among men and women, p \< 0.01. In all age groups, more women than men reported low sexual desire, p \< 0.01.

The prevalence of low sexual satisfaction did not change significantly with age. Among patients aged above 59 years, statistically significantly more men than women expressed low sexual satisfaction, p \< 0.01. Non-attending women were more likely to be current smokers and older; and non-attending men were less likely to be married and more likely to be current smokers. Differences between attenders and non-attenders were the same across treatment groups.

Impact of intensive multifactorial treatment on sexual desire and sexual satisfaction {#ss10}
-------------------------------------------------------------------------------------

Among men, the prevalence of low sexual satisfaction was significantly higher in the IT group (37%) than in the RC group (27%), whereas no statistically significant difference was observed among women. Furthermore, IT had no impact on self-reported sexual desire among either men or women.

As IT was found to impact on sexual satisfaction in men, logistic regression was used to study whether this impact was linked to specific sexual health risk factors. This analysis showed a clear tendency that IT was associated with lower self-reported sexual satisfaction than RC (data not shown) among men with better health (normal weight; no micro-vascular or macro-vascular complications, better self-reported mental and physical health, and no beta-blocker consumption); among men with better self-perceived mental health, the association was found to be statistically significant (p \< 0.005). There was no difference in the impact of IT compared with RC among men with and without erectile dysfunction.

Non-responders' follow-up characteristics differed from the responders' follow-up characteristics. Among women, there were no differences in the IT group. In the RC group, non-responding women were significantly older and had a higher self-rated mental health score than responders. Among men, no differences were seen in the RC group, whereas non-responding men in the IT group had a higher total cholesterol, a higher HbA1c, drank less alcohol, were less likely to take beta-blockers and had a higher diastolic blood pressure. Other characteristics were comparable between the groups.

Discussion {#ss11}
==========

Principal findings {#ss12}
------------------

In this randomized study we found that low sexual desire and low sexual satisfaction were common among middle-aged and older Danish Caucasian women and men with screen-detected type 2 diabetes. The prevalence patterns differed by age and sex. Compared with routine care, intensive multifactorial treatment was associated with lower sexual satisfaction in men, but not in women. There was a trend for this association to be particularly pertinent among men with better health.

Strengths and weaknesses {#ss13}
------------------------

A main strength of the present study compared with other studies of sexual health among middle-aged and older patients with type 2 diabetes is that our patient population was large, homogeneous and well described and that the questionnaire response rate was relatively high. Our data relied on self-administered questionnaires, which in general motivate more honest answers to questions regarding intimate matters \[[@CIT0019]\]. However, it is possible that some groups of people are more likely than others to answer questions on sexual health. Thus, people who are not sexually active may find answering such questions less relevant than people who are sexually active. However, this would probably apply to the same extent in the IT and RC group.

Non-attenders differed from attenders, but they differed in similar ways across the treatment groups, therefore under- or overestimation of prevalences is most likely similar. Non-responders differed from responders in the RC and the IT group, respectively. However, the differences were small and not in conflicting directions. We are therefore confident that the calculated odds ratios are reliable.

We examined a post-hoc question in the ADDITION-Denmark trial cohort. The number of statistical tests performed in the logistic regression analysis to compare the IT with the RC group among men was high, which increased the risk of a type 1 error. This was taken into account by using 99.5% CI instead of 95% CI. However, our between-treatment group results should be interpreted with caution and they should be confirmed in future studies. Finally, information on sexual health was not obtained at baseline, which prevented us from observing longitudinal changes.

Findings in relation to other studies {#ss14}
-------------------------------------

In previous population-based studies of healthy middle-aged and older Danish citizens, the prevalence of low sexual satisfaction was found to be 10% among women and 14% among men (n = 1494) \[[@CIT0020]\]. The prevalence of low sexual desire was found to be 20% among women and 8% among men, with a decrease in sexual desire with increasing age (n = 10 458) \[[@CIT0005]\].

Unfortunately, most studies of sexual desire and satisfaction among men and women with type 2 diabetes are relatively small in size (n = 26--665), and methodological differences hamper comparison of results across studies. However, among middle-aged and older men and women with type 2 diabetes, the previously reported prevalence of low sexual desire lies in the range of 25--31% among men and in the range of 58--78% among women. Previously reported prevalences of low sexual satisfaction are reported to vary from 40% to 54% among men and from 26% to 45% among women \[[@CIT0004],[@CIT0021]\]. These results are largely similar to our findings. This indicates that in a randomly selected population of Danish men and women with screen-detected type 2 diabetes, the levels of low sexual desire and low sexual satisfaction are comparable to those reported for other populations of men and women with type 2 diabetes.

We report diverse prevalences of low sexual desire and low sexual satisfaction, which illustrate that low sexual desire might not involve equivalently low sexual satisfaction. Concordantly, people engage in sexual behaviour for many other reasons than sexual desire and how to obtain sexual satisfaction is individual. Sexual satisfaction mainly derives from positive sexual experiences and cannot automatically be equated with absence of sexual performance or the presence of sexual desire problems \[[@CIT0003]\]. Our results underline the importance of distinguishing between different aspects of sexual health, i.e. the need to include sexual satisfaction in the evaluation of sexual health.

To our knowledge, no previous studies have examined the impact of intensive treatment on the level of sexual desire and the level of sexual satisfaction among people with type 2 diabetes. Intensive treatment has been found not to negatively influence self-reported health status, well-being, quality of life, and treatment satisfaction among patients with type 2 diabetes \[[@CIT0007]\].

However, our study suggests that IT in primary care could have a negative impact on self-reported sexual well-being in men with type 2 diabetes, especially in men with better health. This finding is unexpected. It is well documented that erectile dysfunction is strongly related to physical health problems and poor self-reported health \[[@CIT0015],[@CIT0028],[@CIT0029]\]. Why, then, do men with better self-reported health and few physical health problems experience less sexual satisfaction when receiving IT compared with RC independently of erectile dysfunction? IT was provided with additional health information and health checks. More attention was therefore given to the disease among patients in the IT group than in the RC group. This may have raised the level of self-perceived illness, which may, again, have translated into a lower reported level of subjective sexual health. According to studies of men and women\'s health behaviour, men tend to avoid visiting their general practitioners because illness tends to be considered a weakness and visiting the general practitioner a sign of dependency, which may both cause men to experience self-doubts about their masculinity \[[@CIT0030]\]. It is therefore possible that the advanced treatment programme may have caused self-doubts about masculinity and sexual performance in men, resulting in less subjective sexual satisfaction. It can also be speculated that, especially among men with better health, IT could cause men to have overly high expectations to sexual life, which increases the potential for distress and lower sexual satisfaction if such expectations cannot be met.

Implications for practice {#ss15}
-------------------------

Practitioners dealing with diabetes have previously focused almost exclusively on sexual dysfunction, but sexual desire and sexual satisfaction are also affected early in the trajectory of diabetes. This underlines the need to distinguish between different aspects of sexuality when addressing the sexual burden of diabetes. Furthermore, intensive multifactorial treatment could potentially negatively impact men\'s sexual satisfaction, and practitioners should therefore pay special attention to these issues to protect sexual health among men when more intensive treatment strategies are used in the treatment of type 2 diabetes.
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